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OBJECTIVES OF THE ACTIVITY 
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The planned objectives are : 

1. to compare best-estimate TH-SYS code calculations to experimental data, thus to validate 

RELAP5-3D© system code in simulating sodium fast reactor designs 

2. to identify and, as far as possible, to quantify the code limitations and the source of uncertainties 

in simulating postulated accidents occurring in liquid metal FR designs 

3. to improve the understanding of the TH processes and phenomena observed in EBR-II test 

4. to improve the understanding of FR neutronics, TH and SYS analysis 

5. to compare the performances of TH system codes in the domain of interest 

6. to develop reliable approaches for the application of TH-SYS codes in safety analysis of new 

generation FR systems (i.e. LFR), including the coupling with CFD and NK 



INTRODUCTORY REMARKS: WORK PLAN 
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Work plan: 

 Year 1: Preparation of input deck. Steady state calculation.  

1st  RCM meeting 

 Year 2: Blind test simulation analysis. Preliminary assessment of the results (experimental vs. blind 

simulations and among simulations).  

2nd  RCM meeting 

 Year 3: Post test analysis and sensitivity. Code assessment: uncertainties analyses, identifications of 

model/code/data weakness, R&D needs, etc.  

3rd  RCM meeting 

 Year 4/5: Assessment of code capabilities, reporting, writing paper(s), and contributing   to 

the IAEA technical publications. 4th  RCM meeting 

Current status: 

 TH nodalization of EBR-II (configuration SHRT-17) completed. Steady state achieved. Blind 

calculation of SHRT-17 test carried out and submitted. Post test analysis finalized analysis in 

progress 

 CFX models of XX09 fuel assembly prepared 

 Neutronics  activities: ERANOS model in progress.  



INTRODUCTORY REMARKS 
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Framework: 

 MS thesis in Energy Engineering of Emanuela Martelli 

 MISE funded AdP-2012  Project 

 IAEA CRP on EBR-II  

Blind calculation SHRT- 17 performed with: 

 Workstation HP: Operative system WINDOWS 7 Professional (64bit); Intel® XEON @ 3.2GHz; 

RAM 16 GB 

 Reference TH-SYS code: RELAP5-3D©v4.0.3 (INL-US) 

CFD and deterministic and stochastic NK codes: 

 Reference CFX code: CFX (ANSYS)  I. Di Piazza (ENEA CR Brasimone)  

 Planned  neutronics codes:  

 PHISICS,  SCALE (and MCNP6)  C. Parisi (ENEA CR Casaccia) 

 ERANOS 2.1  P. Console Camprini (ENEA CR Brasimone) 
SCALE

Neutron XSec Database System TH

Neutronic Parameters

PHISICS
Deterministic 3D NK 

core simulation

3D fluid dynamics

Fuel pin simulation



EBR-II OVERVIEW 

7/22 IRUG-2014                                    September 11 – 12, 2014 – Residence Inn, Idaho Falls, ID 

Primary 

sodium 

pump 

Reactor 

Vessel 

Low Pressure 

Inlet Piping 

High Pressure 

Inlet Piping  All primary system components 

were submerged in the primary tank 
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EBR-II OVERVIEW 
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Reactor features 

 637 assemblies 

 Core divided in three regions: central  core,  expanded  core and outer blanket 

 Inner core and the expanded core regions received sodium from the high-pressure inlet plenum. 

 Outer blanket region received sodium from the low-pressure inlet plenum 

 Sodium  discharged into the common upper plenum 

 Neutron shielding surrounded the reactor, upper plenum and lower plena with the exception of 

the inlet and outlet piping 
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NODALIZATION DESCRIPTION AND ASSUMPTIONS 
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# QUANTITY Value 

1 Tot. No. of HYDR vol. 3992 

2 Tot. No. of HYDR junct. 6443 

3 Tot. No. of HYDR vol. in the core 2460 

4 Tot. No. of heat structures 5248 

5 Tot. No. of mesh points in the heat structures 31236 

6 Tot. No.of core active structures (radial x axial) 8 x 5 
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Pump #1

Pump #2

Throttle

valve
Throttle

valve

High pressure lines

High pressure

Na inlet

Low pressure lines

Low pressure Na inlet

Z-Pipe and secondary system

Z-pipe

From

upper plenum

To primary tank

IHX Ascending

tubes

Secondary

Na inlet Na

outlet

Nodalization features: 

 2 MULTID connected by 1D components 

 Relevant elevations of EBR-II are maintained in the nodalization 

 “Sliced approach” applied in all systems  

 The node to node ratio is kept uniform (ratio of 1.2) 

 IHX primary system is modeled in 10 axial nodes 

 The Westinghouse heat transfer correlation in bundle region 

 K-loss coeff. in junct. evaluated or estimated on the basis of geometries 

 FA orifice setup on the basis of mass flow rates and overall DP 

 Roughness is set 3.2e-5m with the exception of the core region 

Lower Plenum

Upper plenum To Z-Pipe

High P inlet pipe
Low P inlet pipe

Active core 

region
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501 

Pool zone 

501 

Pool zone 

Stagnant zone 

001 

Reactor 

vessel 

 

501 

Pool zone 

 Pool region  3D component 

 Reactor region  3D component 

 Core bypass modeled with MULTID 

component of reactor region 

 Connection with MCP, IHX modeled 

according with the real 3D configuration 

 Axial meshes of pool region have vertical 

lengths equal or multiple with respect to 

reactor region, pipes and IHX 

 Careful model of heat structures where 

possible: 

 Rough estimation of metal in 1) dead 

zone, 2) IHX internal passive 

structures, 3) MCP internal passive 

structures 

3D modelling of primary tank 
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Lower Plenum 

Upper plenum To Z-Pipe 

High P inlet pipe 
Low P inlet pipe 

Active core  

region 

Axial view of the core region 

Plane view of core region 

3D modelling of the Reactor Vessel 
 Driver FA modeled one by one 

with pipe components 

according with the geometrical 

description reported in the 

specifications 

 Blanket region modeled with 

equivalent PIPE components 

according with the azimuthal 

configuration, grouping 

reflector and blanket FAs, 

separately 

 SHRT-17 core model configuration completed 

 SHRT-45R core model configuration to be implemented 



TESTING FA PERFORMANCES: PRESSURE DROPS 
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 MARK II-AI dynamic pressure drop in wire wrapped fuel bundle 

 “100% Mflow” in Figure corresponds with minimum nominal mass flow rate  Driver Mark II–AI [6,C1] 

 Evaluation of the effect of surface roughness accounted in the turbulent friction factor correlation @ nominal 

steady state conditions 

 Quantification of pressure drop in the wire wrapped zone in the range of mass flow of interest  @ nominal 

steady state conditions 

 CFD calculations may support the evaluation of DP in FA 
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TESTING FA PERFORMANCES: HEAT EXCHANGE 
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 Evaluation of heat transfer in MARK-II AI FA considering the 

parameters of benchmark specifications (i.e. coolant, cladding, 

and fuel centerline Ts) 

 Nominal parameters refer to assembly with MAX power 

Driver MARK II-AI [2,A1] 

 Fuel centerline temperature cannot be evaluated w/o 

considering modifications in hot conditions and occurring 

during irradiation  

 “Arbitrary” gap size was set to 0 to avoid fuel centerline 

temperature exceeding too much from melting T 
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SHRT-17 TEST BLIND CALCULATION: 

  STEADY STATE RESULTS 
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FA @ 

BAF elev.

Bottom of 

bypass 

 DP distributions in overall system and MCP 

homologous curves are checked 

 Power and mass flow distribution according 

with RUN129c 

 Steady state achieved with reasonably 

accuracy, but… 

 Mass flow rate distribution in the FA is 

satisfactory. Underestimation of RING 2 

connected with overall DP constraints  

Improvements in DP distribution in low P 

flow and blanket FA orifices are needed 

 Thimbles’ mass flow rates are have been 

provided in the specification as constant 

value for all EXP FA 

# QUANTITY (*) UNIT DESIGN RELAP5-3D ER.  

            

1 PRIMARY CIRCUIT POWER BALANCE 

1-1 
Core thermal power 

- Driver/Blanket 
MWth 

57.01 

51.7/4.95 

2 PRESSURE 

2-1 MCP out kPa 452.3 

2-2 Upper Plenum (UP) kPa 214.5 

3 FLUID TEMPERATURE  

3-1 Core inlet temperature  K 625.6   

3-2 Core outlet temperature K     

3-3 IHX PS inlet coolant temperature K 729.82   

3-4 IHX PS outlet coolant temperature K 624.89   

3-5 IHX SS inlet coolant temperature K 574.27   

4 PUMP VELOCITY 

4-1 MCP#1 velocity rpm 91.10 

4-2 MCP#2 velocity rpm 91.10 

5 PUMP HEAD 

5-1 MCP#1 head m 

5-2 MCP#2 head m 38.94 

6 LOCAL PRESSURE DROPS 

6-1 Pressure drop [MCPOUT – UP]  kPa 250.6 

7 FLOW RATES  

7-1 MCP1/MCP2 mass flow rate  kg/s 
454.1 

227.1/227.0 

7-2 Lower plena inlet kg/s 454.1 

7-3 

Core mass flow rate 

- Driver 

- Blanket 

kg/s 
388.5 

67.2 

7-4 Reactor core outlet kg/s 454.1 

7-5 IHX PS inlet kg/s 454.1 

7-6 IHX PS outlet kg/s 454.1 

7-7 IHX SS mass flow rate kg/s 311.43 

RING TYPE # FA 
MASS 

FLOW 
R5-3D ERR 

  Reflector 12 1.95 

  Blanket 12 3.56 

Row 7 
Reflector 33 0.17 

Experimental 3 0.68 

Row 6 

Experimental 2 3.87 

High Flow Driver 18 3.86 

Reflector 2 0.17 

Partial Driver 5 2.62 

Driver 3 3.56 

Row 5 

Control Rod 8 3.62 

Partial Driver 3 3.06 

SS FA 6 0.69 

Experimental 1 4.36 

XX10 1 0.59 

Driver 3 4.37 

XX09 1 3.02 

Dummy 1 0.91 

Row 4 

Driver 12 5.03 

Experimental 5 5.04 

Partial Driver 1 3.28 

Row 3 
Safety 2 5.14 

Driver 10 6.55 

Row 2 
Driver 4 7.30 

Experimental 2 7.37 

Row 1 Partial Driver 1 3.78 













CFD ACTIVITY: XX09 FA MODEL 

First test case (XX09) stationary: mFA=2.37 kg/s, mTHIMBLE=0.25 kg/s, Wtot=464.7 

kW 

q1.87 MW/m2 

The wall heat flux q is 

imposed.     

 Input: mass flow rates (RELAP5), inlet 

temperatures (RELAP5), gamma deposition 

(minor), flux distribution (minor) 

 Output: detailed temperature distribution in 

the fluid and in the thimble region 

 Main focus on detailed temperature distribution in the generic FA 

 Reference geometries: XX09-XX10 FA. 

 The model includes all the wire-wrapped region and all the subchannels in the FA without any 

symmetry plane, the convection in the fluid, the conduction in the internal and external wrap, the 

thimble region and the bypass. 

 The model is in principle time-dependent.  

 The reference number of nodes is 33·106 pin 

wrap 

ByPass 

wire 

Thimble 
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CFD ACTIVITY: XX09 FA TEMPERATURES  

IN STEADY STATE CONDITIONS 

First test case (XX09) stationary: mFA=2.37 kg/s, mTHIMBLE=0.25kg/s, Wtot=464.7 kW, Tinlet =626.1 K 

A preliminary comparison with experimental results is ongoing 

MTC h=172 mm 

TTC h= 322 mm 

14TC h=480 mm 

Active region h= 343 mm 

ANL exp CFD CSO3 err[K] 

Lower Flowmeter 
Temperature (FM-1TC) 626.1 

Upper Flowmeter 
Temperature (FM-2TC) 626.1 

Flow  2.377 

Mid Core (MTC-20) 726.4 -1.0 

Mid Core (MTC-22) 725.3 -25.0 

Mid Core (MTC-24) 719.5 -34.4 

Mid Core (MTC-25)  708.9 -41.6 

Mid Core (MTC-26) 672.5 -43.9 

Core Top (TTC-8)  786.0 7.1 

Core Top (TTC-15)  805.1 -2.4 

Core Top (TTC-27)  779.4 18.1 

Core Top (TTC-28) 809.2 16.5 

Core Top (TTC-29) 815.4 15.1 

Core Top (TTC-30) 813.9 8.0 

Core Top (TTC-31) 812.1 -1.8 

Core Top (TTC-32) 807.0 -3.7 

Core Top (TTC-33) 795.3 -16.4 

Core Top (TTC-34) 763.1 -21.9 

Core Top (TTC-35)  717.7 -10.5 

Core Top (TTC-47)  809.9 -2.5 

Core Top (TTC-53)  802.5 1.3 

Above Core (14TC-37)  815.6 23.7 

Above Core (14TC-39)  822.9 13.8 

Above Core (14TC-41)  803.3 -2.6 

Above Core (14TC-43)  742.9 8.5 

Three measuring sections in XX09 
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 Nodalization of EBR-II by RELAP5-3D© is available and demonstrate satisfactory behavior in 

transient: configuration SHRT-17  

 SHRT-17 blind simulation completed and results have been submitted for the participation in the 

IAEA CRP on EBR-II 

 Comparison with experimental data and analysis of blind simulation carried out 

 Post test analysis of SHRT-17 restarted after the delivering of additional experimental data. Those data 

are relevant and improve the understanding of processes occurring during the transient 

 Some CDF and neutronic activities are in progress (i.e. CFX and ERANOS) 

 Implementation of SHRT-45 core and system configuration, to achieve steady state conditions and to 

simulate the transient (unprotected loss of flow)  un-availability of EM component shall be 

addresed 

 The activity on SHRT-17 has been proposed for the publication in the special issue dedicated to 

RELAP5-3D©. Blind and posttest results will be discussed 

 3rd CRP TM meeting will be hosted by ENEA, 23-27 March 2015 

SUMMARY 
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